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^oMt^I 4i^> ^ ZL ^ 1WA Ferroelectric memory device and a method of 

forming the same} 

£ 4a 5! E 4t>Tr £ 3^1 ufls.^ ±7}^ *$s§f>}^ y o V ^-§: ^-b^tt 

tt *\)5L?1 ±A ^ ZL « 0 v»Hl ^tr 

< 6 > #-fr^l vWsle] ^7j^)nVoj -g-^- (Polarization) ^tf-g- °l-g-*rCr. 

Mtf^l tr ^ff-^r ^>M-^ <^A-fli H^^l^Ei (access transistor) ^ 
*fl*M- ^-^^S a>-§-^ sr>i4^ ^ 7fl2flAlBl(cell capacitor)^ 

<7> £ l^r ^2fi7l^ofl a)-^- 7 0 Vo.^^] ^}.2.ii| ^x>^ 7 fl ^ <?] ^^5L# ^^rf. 
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<8> £ i$) 7^^] u\]3_z] 4i7}Wr *§s§f>}±: «^^r ^ , 7^(1) # 

*fl ^M)^ 3.^7]^]^(v}^A})^ *$^*}JL ^7] H<B*l^-& A}o]cq a>£^ 71^(1)^1 ^ 

il5L^ #^>^^^-(3)# 3^tr^r. #7l ^^^^(3)-a- aH^SM #71 «KE*ll 7l^r(l)^ 
= eflol °J<*]* ^#a]71^ #7l JE^-g-^gS *||$| ^#^(5)^: 

#?1 m#-^(5)°l #7l i&£*ll 7l^r(i)^ ^ #ofl H^-fr a^a^a sfl 

3\3*H *Hr-^(7)-g- ^^*Vcf. Aj- 7l *}Jf;*l^-(7)# Sfe- #-rr^m(9)# #7l 

#-fr^m(9)^ ^^^>7l ^^It4. #71 7j-o.^^nV( 9 ) #o]j 

<9> ^7} aj-^ofl S^i, §>^-^^-(7)^r aJM-nfl, #71 #^^^^-(3) #4Mfe ^ 3 

f^ol 51X1^> £ loflA-1^^ #71 #?>^^^(3)4 #71 ^^(7) A>olSl Tfl^o] ^«g«fl 
7]J1 S.rc7l] £)tt ^1^(EH ^^^Cf. #7l #-fr ^l ^(9) °1 JJfl^. J±:i7M E ^ S 

(perovskite structure)* ^ v £^- ^^5r*>7l ^Ja^ ufl , #7l 

( 7 )oll Sl«fl go^l &J7 # 7 ] #71^^^(3)4 #7l #-a-^^m(9) AVol^ tI^H ^ 

^-*(3, 9)?>sl ^-§-°l Ud^-H #71 7j- o.^^)l^.(9)ol s}-ol S.#S^(pyrochlore)#A^. <£*V 
711 3d ^#O.S ^.ol^(V)7} ^ olcf. ol^ ofl^sl ^7>51 ^.#^ o> 7 l^ ^ olcf. 



<io> ol^- w 0 V^l^>7l £)*}<*| cfltr 1 ?]^ M-M^Ji *fl 10-0195262*11 a^ 7flA]^ #-fr^l ofls. 

3 i7f ^ ZL ^^-g- 5. 2§ %1-S*>d ^^*>7lS. tr^f. 
<11> S. 21- ^-2:*>^, £ 1SJ *fl-§.-ai3}(5)ol t§A^ # 7 1 ti> £ ^ 71^(1)2) ^ #6fl EJeJ. 

^-A>§)-^j2f ai^vs]-(6)t ^^>Jl iflE^^H #7l ^#€-^(5)^- ^#tr^-. ^Mril 
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^^is #-R-#*im(9) ^ #-¥-#^-(11)* ne-IM-, £ 2s] ^-s ^ zl 

y o v ^^8r -*7] JOl^SKMeH °11#^^(5)^ ^^1 3flBl^S|7lofl ^ l(mis-al ignment H 

<12> £ Mj-^cq 7l -*< ^-7] Sfl^ig- ^ 7 0 V-0^^1 ^SLe] 4i7> 31 

<13> Uj-BM, ^-71 7l#^ -4*)1« ^*>7l 31 ^H, M^ofl x4= 

aV£*fl 71^, ^-71 «_KE^1 71^3- ^Hl ^HlS f^^^ ^ iil^-l, ^7l 

^ ^ ^fs}o] ^-71 av^xfl 7i^ *m #7} *m 

^4 3*1^*1 ^71 Ji^aj-nKg. Srr ^7] <5Pf^ ^ ^71 M^^t 

£^ ^^M, ^ ^"71 ^-fr^njvg- ^O.^ ^71 ^^^"4 ^*1^ -tf^^M- ^HlW. 
A o V 7] u\]SLz\ ^}o\] SX^*], A o V 7] iLS^aV^ tif^^>7fl^ ^^^^(xiQ^o. 

<14> ^71 #-£-^1 ^7># W 0 V^^ ^tf. 7 } ^ ^ofl %-7\ ^ 

^7} *}5Lz\] 71 ^ i^#Al7l^ ^^1-^- ^"71 ti}£^ll 71^ 3^H1 £^1^ 

^71 ^ll^cl-. <$7] i^Hl t^|sfl ^s^^-l- ^71 iLJL^a}-^ 
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<15> o)-5\, 5!^-i;-g- ^ i^o] ti}-e^*l ^Hl* ^-Afl-S] ^^^>7lS 

5^. J^|S}, ^7^ ^flS)^ ^H]^ 7 flAl^ ^-g-o] ^7^>J7 ^Sfl^ ^ ZL^JL 

^^^HlTl] ^S] A^Vol olsm *}7] ^*fl afl^M^i*. ^o]cf. ~o] 

4^ # 5&±r 7]^ -^Hl ^4^1 ^^^^1^ n^^r t}^- ^ HL^ ^ t$ 

^€ ^ Hl^r Aj-ol^ ^ 3 ^ 7 fl7fl^ ^£ olcf. 

<17> 5L 3# , #7l tili^ll 71^(100) #°fl£r ^7fl£) ^^1^ H^^iE^l-C^SAl) 

Ol Bfl^Sjjl H^l^S. A ].o)S] ti}t£^ 7l^r(l)o11 ^^/^5fl<y ^^(p)£Al)S.ol ^ 

*ltM=K A oM <3«4 ^ tilHe}tl( D lEAl)ol ^l^. #7] tiVE^l 71^(100) # 

°fl ^-7i.^7flsi h^i^i- ^ ^i/=efl<y <^^#-a- 

aJ^UlO) ^ ^(120)01 is^^(120) ^ #7l #71^^(110) 

# ^<5}d} ^7) 7]^r(100)^ EEflo) <go3(n].£X|)a4 ^*>-£^- "flt ^^(130) 

o] tifl^tf. nfls. ^^(130)^- 3*1^ <#7] iLJL^eV(120)-ir ^ ^>«L^q- 

(140)^1 afl^l^cf. aj-7) ^-^(14) ^ #71 ^^^-(14)<H1 ^^fl ^^1x1 ^ji 
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^^^(120)* #o.^1bV( 140 )o] ^^^>ji n. $\°\) #7l #-f^m(150)-§- 

#7l ^^^(140)4- ^*l5^t #^-^(160 H wfl^^t^-. 

<18> a o V 7 ) ^l^6\) ^o^, # 7 ] ofl^ ^^(130)0] # 7 ] ^,^^(120) ^ #7l #^i<£^ 

(110)^ *M3- # 7 ] ^^^-(140) ^ #7l # ^-^^nV( 15 o)ol # 7 ] 

^^^-(llO)S^-Ei #7l ti^^2]-^-( 120)^1 3r*i^l ^rSl^H, #7l f^^^^M*] 31 

£°1H ^^51^ iL^l^(V) ^ «#(E) ^#°1 «<M€ ^ 5^. ^, #7l iLJ:^ 

^(120)^ #7l ^^(UO)^ #7l #^-^^^(110)21-^ Tfl^H ^^(glue l ayer )°) 
c*^g- sM, #71 7 0 V 0.^^^(150)0] #71 #^<a^( 110)32}-^ Tfl^H ^5]^ ^l-g-# ^ 
afl^rfe ^.J: ^"(protecting layer)-2l ^Iri trcf. 

<19> 51 4a ^ £ 4dtt £ 3^1 #-^31 ^2.^ ^7># o.^. ^#*Kr M"^^ 

<20> £ 4a# ^SS}^, til-£^l 71^(100) #°fl 4^r7fl^ H^l^i (v)5L*\ )«- ^ 

#<5}jL #71 H^l^E-1!; *}o)o) Aj- 7 j HV^x-fl 71^(100)^1 4l^.i/^efl<y ^^(D]£Al)S.^- 

^^tr^f. #7} ^SL^ oj^(Dl£A])ai]- %*}^ wlBHl-<y(Dl£Al)^- <§#tr^. #71 B^l^Ei 

# ^ #71 4i^/=Bfl<?I ^l^Rr A o V 7l «V£*ll 71^(100)^1 ^ #<^1 f^Ti^^nV 

(110)^: ^Wtf. ^71 ^Ti^^Bl-(llO)^ ^^#S^(Si0 2 )°-^ ^ 5^. #71 # 

Sr^^KllO) #*ll HJL^^C^O)^ #7l ^-(120)^ t>r^*l ^tUtt BlE)- 

^-#5}-s f (Ti0 2 )AS ^ ^cf. 

<2i> £ 4 b i- l-is}^, # 7 ] i^^3j-ni- (1 20) ^ #7l ^?il<a^(110)-a: ^^^^.S sflE^ 

#7l alS^l 71^(100)^1 =efl9J ^(DlJEAD^g- i^#Al7l^ 3.^^(125)^- ^#*Vcf. # 
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71 ^^^(120)ol ^^*Y^o_S. , CHF 3l ^ CF 4 ^ ^ Wl-^l 7>^2|- 

Cl 2 4 ^ <g4i3l 7>>l°1 ^ 7}if ol-g-^H *r Sl^, A o V 7l ^*>£<S«K 110)£r 

CHF 3) £ CF 4 SJ- ^Ir^l 7>i# ^€ ^ flt*. s^^(i25)ol 

>8-7l «h£*l) 7l^r(100)^ ^ A <H1 £^^-(Dl£Al)^ *]%?>}^ ^7} $«}*(125)-fc ^fl^. 
-S-71 S^^Hl rfl*fl CMP ^ °- ^l^H ^7) }LS.%^a20)£: 7l §-A]ofl #7l 

^#(125)^1 5flH^- ^ *m^(130)^§- ^"71 nfl^-^H«( 1 3o)ol 

A o v 7l oV^^T 71^(100)^1 3f^>^ aflE^^H A o v 7l °ll#€-^( 130)4 #3 

£M #7] S.M3h*Kl20)-g- «H?-^(140)* 

^li, £ 3# #2:*H ^"71 ^^^-(140) g ^"71 ^^^(140)<H1 Sl^fl S°l*l 
JiSl^^(120)-g- ^-8-^^1^(150)^- ^"71 ^-8-^^m(150)^r 

w}eJ- 3}*} 711^ PZT(PbZrTi0 3 ), PbTi0 3> PbLaTi0 3 , BST(BaSrTi0 3 ) , BaTi0 3 ), Ba 4 Ti 3 0i 2 , SrBi 2 Ta 2 
0 9 ^ SrTi0 3 -|- ^«l*Rr nfl^ *M-£l ^^^tf. ^-71 7^^^^.(150)01 

*H3.*Li7>°lH £\E-i=- ^^(anealing) -g-^* ^^W. #7l 31^(150) 

jE^nKg. ^^>ji sflEi^^H # 7 ) ^^-^(140)4 f^=H ^>7l #-fr*l*ll^(150)-S: 
SJE^- ^^(160)* S^tf. ^"71 ^^^-(140) g #7} ^^^-(160)^ b>^*>711 
^ ^O^-(Ru), °l*M#(Ir), #2flEl^-(Pt), ^-^^^(RuOx), °l^#^3}-#(Ir0x), ^ #efl 
El^-^#(Pt0x)* ^l^Rr nfi^ ^H*^ ^uj-o] tg^Ej-. 

[^sl JL4-] 

A^^^nvo) o^^o.^ jrflE-l^Slol ^sfl^ j^igoil tt}.= ^-^11^^- ^ SLfV, 
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1] 

-§■ 

^"71 ^Hf^ ^ ^71 iLJL^^ g^r ^-B-^^l^-; £ 

[3^8" 2] 

^1 1 %H1 Sl^H. 

[^t 1 * 3] 

^ 1 %Hi sa^h, 

7J-^^^^ PZT(PbZrTi0 3 ) , PbTi0 3 , PbLaTi0 3 , BST(BaSrTi0 3 ) , BaTi0 3 ), 
Ba 4 Ti 3 0i 2> SrBi 2 Ta 2 0 9 ^ SrTi0 3 ^r ^«l*Rr ^-f-olM ^I^tt o]i=u>^i=. 3 
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4] 

A 1 

^7] 3l ^7) ^^£r ^IteKRu), °13#(Ir), l-sflEl^-(Pt), ^^l^AV^ 

#(Ru0x), o]^#^-s}-#(IrOx), ^ #efl^^>Sl-#(PtOx)* ^l^Rr nl^H #^3^ ^ 
9] ^^S. o}^o]^.}^ ^ 7 a Vo^l nils. 

5] 

#7} «V£*fl 7l^ ^^Hl 3#«H A o v 7] -g-<^#* ^ #711; 

A oM 3E^^ tflSfi ^-g-^H ^7} il^^t ^#^17)^ -^Ajoll ^7l 

A o V 7l til£^l 7l^Hl <5>Jf*}^-nb8: ^^}JL sfl^^H ^7} nfl-H-miM ^ ^ ^ # 
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[3E 1] 




2] 

(*M 7|#) 
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[Si 3] 
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